By NORMAN G. BENNETT, M.B., L.D.SS. THE movements of the mandible have been the subject of much investigation during the last few years, and several communications on the subject have been made to this and other societies. The contribution which I propose to place before you this evening is somewhat fragmentary, and consists mainly of an account of some experiments which I undertook some time ago, but have not had time to carry out to a full extent. As these experiments, however, were mainly directed to the elucidation of one or two points which did not appear to me to have been adequately dealt with by other workers, I thought they might be of interest to members of this Section and possibly stimulate further work on similar lines. I do not propose to discuss in detail former communications on this subject, with most of which you are familiar; but I must briefly refer to the particular aspects of the problem upon which it did not appear to me sufficient light had been shed; and by avoiding the introduction of names I hope to escape from the need of subsequently supporting in the correspondence columns of the dental Press any opinions I may venture to offer, or criticisms of the statements of others which I may be compelled to make, in connection with this thorny problem.
In the first place it has been shown that the shape and curve of the surface with which the interarticular fibro-cartilage articulates varies considerably in different races and in different individuals of the same my-14 8Benniett: Moveineuts of the Man-idible race; secondly, that the mloveiment of the mandible does not consist silmiply of rotation about the condyle; thirdly, that the curves formed by successive positions of the miioving condyle or, in brief, the path of the condyle, varv considerably in different individuals, as, indeed, would be expected fromii an examlination of the dry bones. So far as I know, no correlation between the movement of the condyle and the movemuent of the chin or symphysis, or indeed between anv two points on the jaw, has been ascertained or exhibited.
Furthermliore, a fixed centre of rotation, outside the condvle, for the ordinary miiovemiients of opening and closing, has been supposed to exist, and much discussion futile discussion, I mav venture to call it-has taken place as to its exact position. I shall try to show you that no single fixed centre exists, but that the centre of rotation is constantly shifting. A path may be marked out showing the successive positions of the instantaneous centre of rotation for any given movemnent of opening or closing, and this path varies w\ith the character of the ml-oveminent.
In order to discover the exact correlation between simiultaneous positions of the condyle and the symnphysis in one individual, I miade a somewhat elaborate apparatus for use in my own case. It so happens that, on account of the loss of lower molar teeth on each side, it was possible to construct a kind of roughlmietal plate like the bar of a lower denture, to fix firmnly to the teeth by ilmeans of ordinary bands, and having wire extensions passing behind the prem-olars and round the buccal surfaces of the canines and incisors and nmeeting in the miledian line. B-this mi-eans I found it possible to obtain quite firmn fixation without in any way interfering with normiial and comiiplete occlusion.
The wire extensions of the pseudo-denture were soldered at the )oint of imieeting, and passed outside the mnouth with a suitable curve so as to interfere as little as possible with the m-ovemlents of the lips. To this was attached an outside framl-ework of wire withl a side piece in a vertical plane parallel to the miiedian plane and just outside the right condyle. Two very small incandescent glow-lam-lps were then attachled, one im-mediately opposite the condyle and one opposite the sulcus below the lower lip. Here again I was favoured by Niature, because imy condyles are thinly covered and can be exactly located with extrem-ie ease, so that there was little difficulty in fixing the lamiip with the tiny filam-ient opposite the centre of the condyle. The exact position of the other lamp was of miinor importance, because, as I shall presently show, a second laiimp in any position is equally satisfactor; the lamps sn were connected with a smnall dry battery by lmleans of fine, light insulated wires. The next step was to fix Imjy head so that there should be no movement except that of the mandible. For this purpose I sat in a strong wooden chair having a high back and a kind of projecting wooden canopy with an oval hole cut in it to receive the crown of imly head as far as the upper part of the forehead in front and the m-lost prominent part of the occiput behind. I found, however, that to drive m'ny head into this sufficiently hard to be firimily fixed was distinctly unpleasant, and it was necessary to interpose soimie adaptable inaterial. An old and soft straw hat answered the purpose admirably; and I was then able to sit with all the apparatus fixed, and with my right side opposite to and parallel with a bare wall, in moderate comnfort. Between miiyself and the wall was interposed a biconvex lens arranged on an adjustable stand. A large sheet of paper was pinned to the wall, the room-l was darkened, and the connection with the battery was made. The lens was brought into focus and the images of the two lamps were plainly seen, upside down of course, on the paper.
The magnification depended upon the distance between the laml-ps and the wall. A convenient adjunct was an ordinary looking-glass placed in front of me at an angle of about 45 degrees, so that I could myself see the laimip imlages on the wall. In this way I was enabled to open and shut miiy mouth slowly or rapidly and in a natural mlanner and to varying extents. While I did this my brother imarked a series of corresponding points on the paper where the imiiages of the two lamps for the imioment rested, and we obtained the large diagramiis I., II., III., which you see hung up. We afterwards obtained the diagram IV., to show lateral movenments; for this purpose I, of course, sat facing the wall. Now it is obvious that as the distance betNveen the lamiips is fixed, and is, in fact, 8 S Cill., or 31-in., the length between the pairs of corresponding points representing the two images should also be constant, and this fact afforded a useful check on the accuracy of the diagrams. We found that, although the milagynification was considerable, the variations in this constant were very sml-all; but the charts I., II., III., IV., prepared fromthe diagramiis by means of the pantograph, have been slightly corrected by this constant; these have been photographed, and I shall presently show them to you on the screen. I pass on to consider next the whole question of the centre of rotation. I amii dealingr now with muovements of the iniandible only in a vertical plane, that is to say, with positions which the mlandible can 7iyl 14A assume without lateral movement. The mandible is, even in this limited respect, still capable of two independent movements, one being an angular rotation about the condyle, and the other being a translational movement (with no angular rotation), produced by the gliding of the condyle in its path. In the execution of any natural movement it is exceptional to find either of these simple movements alone; they are usually combined. Hence it results that the centre of rotation about which the mandible may be regarded as turning, at any instant, has a position not only different from that of the condyle itself, but capable of considerable variation with the nature of the movement. As a preliminary to the attempt to follow the shifting centre of rotation during the normal opening movement of the mandible, it may clear the ground if I give a short discussion as to the purely geometrical and mechanical theory of the centre of rotation. I will ask your attention to a small mathematical demonstration. Let a sheet of paper be supposed to slide about in any manner on a table. Let two points, A B ( fig. 1 ), marked on the paper be used to specify its position. Join A B, and let A' B', A" B", &c., represent the successive positions of A B produced by the sliding of the paper. Join A A', B B', and from the middle points of these lines draw perpendiculars until they meet at the point 0. Then it is obvious that Next from the point 0 draw 0 S' 0 0', and inclined to it at an angle equal to the inclination of AB to A' B', that is to say, the angle through which A B moves about 0. From S' draw S' S"I O' 0", and inclined to it at an angle equal to the inclination of A B to A" B", and so on to the last position.
We have now obtained two polygons. Now imagine the polygon 0 S' S" to be traced on the paper. Rotate 0 S' about 0 until S' coincides with O' and A B with A' B'; again rotate S' S" about O' until S" coincides with 0" and AB with A" B", and so on; that is to say, the rolling of the one polygon on the other exactly reproduces the changes of position of the paper. In the case we have considered, the various positions of A B are taken at comparatively wide intervals, so that the lines joining the series of centres of rotation form a polygon; but if we imagine them very close together, then it is clear that the polygon will become a continuous curve. We have now arrived at this important truth, namely, that any form of continuous plane motion may be represented, or reproduced by, the rolling of one curve upon another. These curves are called " centrodes," and the successive points of contact are called the " instantaneous centres." The forms of the curves, of course, vary with the character of the movement, but for any particular movement two centrodes, uniquely associated with that movement, may be derived, and the rolling of one centrode on the other will reproduce that miovement.
In order to make this quite clear, I have prepared a simple working model belonging to the figure which we have just discussed. It consists actually of two planes, the one sliding on the other. On the moving plane are drawn the line AB and the centrode 0 S' &c., forming parts of the edge; and the fixed plane is the diagram from which the lantern slide was prepared ( fig. 1 ). If you place the moving piece in its lowest position, with the lines A B on each plane coincident, and then move it slowly round to the right so that the two centrodes are always in contact, you will see that when S' becomes coincident with O', A B coincides with A' B', and so on.
We may now examine the charts derived from actual movements of the mandible. Fig. 2 represents the paths of the condyle and symphysis in normal opening and closing, and the crosses outside the latter path represent extreme forward and backward positions associated with different degrees of opening. The cross lines are numbered and lettered to show the corresponding positions of the two moving points.
In fig. 3 , from the same diagram, are shown the positions of the centres, by rotation about which each position of the mandible may be brought into itbs next consecutive position.
You see here the paths of the condyle and symphysis and also the fixed centrode. The line A B in fig. 1 is in this case, of course, the line joining the two lamps at the condyle and the symphysis.
I will now pass round this working model derived from the chart I have just shown, and you will again see that the rolling of one centrode on the other reproduces the movement of the condyle and symphysis from point to point in the series of momentary positions of rest.
In fig. 4 , again derived from the same diagram, you see as before the paths of the condyle and symphysis, but the fixed centrode or path of the series of instantaneous centres is shown as a continuous curve. Diagrammatic representation of link-work mechanism. There are three moving pieces:--(i.) The piece consisting of the three arms, Q S, Q 0, Q P J, all rigidly connected at Q. The jaw, J, and the pin, p, ensure a smooth movement of the mechanism past the position in which the links lie along the line A B. The point, I, in which the lines of the two links intersect at any time, is the instantaneous centre of rotation of the mandible piece.
[P is moving perpendicular to P A, and therefore the centre of rotation for the mandible piece is somewhere on the line A P; similarly it is somewhere on B Q, hence it is at I.] This has been obtained by making use of the whole curved paths of the condyle and symphysis. In other words, whereas the polygon shows a series of a definite number of instantaneous centres corresponding to the series of momentary positions of rest of the mandible, and joined by straight lines, the curve shows an infinite number of correlative positions passed through by the condyle and symphysis. I will now pass round another working model, and you will again see that the rolling of one centrode on the other perfectly reproduces the movements of the condyle and symphysis, or, in point of fact, the model moves exactly as the mandible did in my head and as its movement was shown on the wall. We see, then, quite plainly that there is no one centre of rotation for the mandibular movement, but that the centre is constantly shifting. It starts at a point behind and below the condyle. travels backwards and downwards, then forwards, and finally upwards and forwards, finishing at a point a little below the condyle path. Fig. 5 , from a different observation, shows the condyle path on a much larger scale.
In obtaining the diagram from which fig. 6 was derived, the second glow-lamp, instead of being fixed opposite the symphysis, was placed close to the condyle lainp, so as to give a larger magnification than in diagram I. From these two paths centrodes could be drawn which would perfectly reproduce the movement, and if the position of the symphysis were noted with the jaw closed, its movements would follow. In other words, for the purpose of reproducing the movement of the mandible, the paths of the condyle and of any other point are sufficient.
I have now to show you a piece of mechanism designed to exhibit, by means of a simple linkwork, the general characteristics of the movement of the mandible executed in opening and closing the mouth. It shows (fig. 7 ) the condyle, C, and the symphysis, S, moving on paths of some such shapes and lengths and relative situation as are found to occur in practice. It shows also for every position of the mandible the particular position of the instantaneous centre, I, about which the mandible is at the moment turning. The scale of the mechanism is a little more than 1 ft. to the inch.
Let us now return for a moment to fig. 2 , and take note of the correlative positions shown. In the first place it is seen that even for very small openings there is a small forward movement of the condyle, that is to say, simple rotation about the condyle does not occur. In the second place, when the position of extreme opening is nearly reached, the condylar movement is small in comparison with that of the symphysis. In fact, the condylar imovement appears to be somewhat the greatest, relatively to that of the symphysis, during the intermiiediate position of moderate opening. Now the normal position of rest of the mandible is with the teeth slightly separated, but with the lips easily closed. When watching the formation of the curves on the wall during the experiments I took particular note of this position and tried it several tim-les. The first cross mark on each path shows the position of rest, which is a very definite one as judged by subjective sensation; and it is after passing this point that the m-iovenment of the condyle seems to become rather suddenly considerable, although there is movement of translation from the very commnIliencement, and the initial centre of rotation is, as I pointed out, below and behind the condyle. This fact seems to me to bear distinctly on the question of altering the height of bites in articulators. I mean that if a bite be taken which is found to be too mnuch open and the height is reduced in a hinge articulator with the hinge correctly placed in relation to the plane of occlusion, errors will be introduced and the lower denture will necessarily be found to be placed too far back; but if the alteration be mnade in an articulator with the hinge nearly O' quite in the plane of occlusion, then the reverse will happen. I mentioned just now that the crosses placed outside the curve, representing the opening and closing movem--ent of the symphysis, indicate extremiie forward and backward positions, and it is interesting to note the positions on the condyle path (marked by the sam-le letters) that correspond. The oval curve which ml-ight be drawn through these positions of the symphysis show the movement of the imiandible obtained by first pushing it forward as far as possible with the teeth in occlusion, then bringing it downwards, then backwards to the extreme limlit, and finally upwards and a little forward to reach the position of norm 1lal occlusion. The oval curve therefore includes within its area all possible positions of the symphysis.
I will now place on the screen fig. 8 . When obtaining this diagram I was sitting facing the wall in order to show any lateral imlovements of the right condyle. The line A, which is nearly vertical, is produced by extrenie opening without lateral movemiient. You will notice that it deviates slightly to the right ; this is somewhat interesting, because I amll slightly larger throughout on the right side, and apparentlv the want of symumetry exists also in mnandibular muovemilent. The line B is produced by extreimie opening combined with extrem-le imiovement to the left. The lines C, C', belong to extreme lateral movement, with the teeth in continuous occlusion, to the left and to the right. C' is interesting as showing that, in my case at least, in movement towards the side on which the condyle might be expected to remain stationary there is a quite considerable movemnent of the condyle outwards away from its articular surface, and slightly downwards. These two movements represent as nearly as possible those of normal mastication. The line B' is that of extreme opening combined with extreme movement to the right. The condyle again leaves its articular surface to quite a considerable extent, the movement amounting to almost exactly 3 mm. Now there is one very obvious criticism of these experiments, namely, that they are made upon one individual, and that therefore no general conclusions may be drawn from them. That is perfectly true, but I have carefully refrained from making any general statement as to the movement of condyles. These observations are, however, accurate within very narrow limits, and the work of other experimenters has shown pretty well to what extent the movements of the jaws and the paths of the condyle vary in different individuals; and, although these variations have been shown to be considerable within certain prescribed limits, the movements all have the same general character. Our experiments were conducted especially with reference to the supposedly fixed centre of rotation; there is no such point. If experiments similar to those I have described were made on another individual the paths of the condyle and symphysis would doubtless be found of somewhat different form, and the centrodes necessary to reproduce the movement would be also different; but that there could be for any individual a single centre of rotatidn is quite impossible, unless his condyle never left its position of occlusion, and then it would be in the condyle itself; or unless the paths of the condyle and symphysis were arcs of concentric circles, and this would involve very abnormal anatomical configuration.
I will now indulge in a few speculations as to the bearing of what I have said on the possibility of constructing an ideal articulator.
In the first place it would be necessary to obtain several correlative positions of both condyles and some other point in a simpler way than the one adopted, even though less accurate. It is conceivable that this miight be done by mleans of a number of bites of different heights, each with an outside framework to register the several positions of the condyles. From these the centrodes could be obtained from which to reproduce the movenments, and a working articulator might possibly be constructed to imitate Nature. Secondly, the models of the jaws must be attached to the. articulator in such a way that they bear the same positions relatively to the line passing through the two condyles as the jaws themselves. This may be done with the face-bow in connection with any one of the .bites taken. In this way it might be possible to reproduce the natural niovement of any individual mandible, but there would yet remain the question of finding the correct height of the bite and the correct plane of occlusion. These two considerations are really distinct from the question of the construction of an ideal articulator, and are connected with the fact that in edentulous and many other cases disease has destroyed the normal conditions. After all, I do not feel at all convinced that the ideal natural articulator is a sine qua non for practical prosthetic dentistry. In constructing artificial dentures we are concerned only with the smallest degrees of openings and with lateral movements with the teeth in occlusion, and I believe that for these purposes a small movement of rotation and translation, combined with some lateral freedom of the correct kind, would probably be sufficient, if there were a scientific method Gf fixing the plane of occlusion in relation to the condyles when the normal occlusion has been lost. On this point I hope to have something to say at a later time, but, as several years have elapsed since I made the experiments which I have only now described, I am able to assure you that you need have no fear of being troubled before a somewhat remote date.
In conclusion, I should like to say what you have already probably suspected, namely, that this paper would never have been written by myself unaided. I am greatly indebted for his assistance to my brother, Mr. G. T. Bennett, Fellow and Mathematical Lecturer of Emmanuel College. Cambridge. He collaborated with me in the experiments themselves, instructed me in the mathematics bearing on the problem, and drew the charts derived from our direct observations; and although I have managed to write the paper itself, he has also kindly revised it and saved me from making any confusion in mathematical expression. The problem is, in fact, more geometrical than anatomical, and I cannot help thinking that more frequent collaboration between workers in different fields, meeting on border-line subjects, would result in the elucidation of questions which present much difficulty to the specialist. It is one of the inherent weaknesses of specialism that its exponents must become limited to following the natural trend of their own habits of thought; and it is indeed very refreshing to find that just that aspect of a problem which presents most difficulty to the solitary worker is really only a special case of a general truth well known to a student of another branch of science.
DISCUSSION.
Mr. F. J. BENNETT said all the members appreciated the carefully thought out paper, and if full and ample criticism was not offered it was really because they preferred to wait and read the paper when printed. He endorsed what the author had said about the advisability of collaborating with men engaged in other walks of life, because he felt sure that a good many things which were now mysterious would then be made plain. It was perhaps a little disappointing to find the author hinting that, after all his elaborate inquiries, perhaps the empirical method of obtaining a bite was the safest course to follow. That, he presumed, was intended merely for the moment, because no doubt a more rational method would be gradually devised, and he was confident it would largely be dependent on such work as the author had brought forward. He thought that in thanking Mr. Bennett for his valuable communication, thanks should also be accorded to his brother for the assistance he had afforded in preparing the paper.
Mr. E. LLOYD-WILLIAMS declared that his enjoyment of the paper had not been lessened by the fact that he had been unable to follow a great number of the mathematical descriptions. He was wondering how many others were in that same position; but, although he could not follow the mathematics, he was somewhat relieved at the end of the paper to find that, after all, in the practical application of the subject, the obtaining of an accurate bite in an edentulous case was not dependent on any anatomical articulator. He had always suspected it himself in spite of the very many learned papers that had been written, and had felt satisfied that the practical man who could produce the normal occlusion at rest was the man who was going to succeed in making a full set of teeth likely to be useful to a patient. The important matter was the normal point of rest in occlusion in every edentulous case, with a certain allowance for lateral motion, and those things, he thought, were not to be obtained so much by the help of an articulator as by the practical application of one's experience and knowledge when working in the mouth. He was interested to find that Mr. Bennett was of opinion that no amount of calculation would ever show in an edentulous person well past middle life what the normal plane of occlusion was in adult life when the patient possessed all the natural teeth. That must be left to the dentist's imagination. It was there where his art might rise a little above the common level. The success in adjusting a set of teeth in an edentulous mouth must in nearly every case depend very much upon the personal equation, the art and imagination of the dentist treating the case. He hoped Mr. Bennett would follow the matter up and bring before the Section in the near. future the I)ractical results of the very careful theoretical work which they had been privileged to listen to that evening.
Mr. RuSHTON thought it would be an extremely interesting matter if the autlhor could carry out the same series of experiments in some edentulous cases. Those were the cases that had to be dealt with in every-day life, and they often differed considerably from the normal. If a certain range could be found, people could be also found of sufficient mechanical ability to make an articulator with the required movements. A great advantage would be gained, and he did not see any great difficulty in the movements being reproduced mechanically.
Mr. GABELL congratulated the author on having placed before the Section a paper which, although mathematically very complex, was very illuminating as to the actual movements of the jaw. The models and diagrams afforded a most wonderful exposition of a very complex mathematical subject brought down to plain matter of fact which everybody could'understand. He should like to have some information with regard to the use of the lens in obtaining the diagrams, as it seemed to him to require a rather huge lens. He also wished to know whether it was practicable for other people also to produce diagrams without expensive apparatus. He agreed with Mr. Lloyd-Williams that there was not yet an articulator which helped very much in setting up teeth, but he hoped in time something would be obtained of assistance in discovering the movements of the jaw and in arranging the curves of occlusion. Mathematics, he thought, would prove of great aid in that direction.
Mr. H. LLOYD WILLIAMS had been very much interested in noting the path of the jaw when it was pushed back as far as possible so as actually to enable one to obtain a tracing behind the normal. Practically he had adopted the view that one could not bite behind the normal to a sufficient extent to upset in any way the articulation; but some cases he had met made him doubt that, nevertheless, as a principle of general application in the taking of the bite it remained quite reliable.
Mr. DOWSETT thought the author had once and for all settled the question that there was no fixed centre of rotation. He was sorry to hear a man so eminent as Mr. Lloyd-Williams sound such a pessimistic note with regard to an anatomical articulator and rather decry the necessity for it. Although the position in which dentures were required to occlude was nearly the position of rest of the condyle, nevertheless when the dentures were being used it was the lateral motion that had most to be considered, and it was just that lateral motion, although very slight, which caused a denture, otherwise beautifully constructed, to tilt. To overcome that tilt it was absolutely necessary if possible to be able to reproduce the lateral and forward motion in an anatomical articulator, not merely relying upon the dentist's skill and experience. He saw no reason why such an articulator should not be eventually constructed.
Dr. SIM WALLACE said the tracings had been-taken in connection with a bite where there were teeth, but he' imagined it was possible that the jaw might rotate from a fixed point after the normal occlusion was passed in the case of an edentulous person. Consequently it was possible to imagine that if a close bite were taken there would be some justification in using a hinge articulator to open it.
Mr. NORMAN G. BENNETT, in reply, dealt first with the connection of scientific investigation with practical problems. He thought it was not always possible, immediately after ascertaining some definite facts with regard to definite anatomical movements, to] say at once that that knowledge enabled such and such things to be done; but, on the other hand, he did not think anybody could say that it would never enable some practical improvement in methods to be brought about. Dentists were more or less anxious to have an anatomical articulator, and any information with regard to the movement of the jaw must be of some use in obtaining such an instrument. It was on those lines that many practical improvements had been made, made often at a date very remote from the scientific discovery. Most practical improvements in machinery and other things had been founded on scientific investigation, and that fact was a justification for trying to work out a problem of the kind under discussion. He thought it was quite natural that many members were unable to follow the mathematics at the moment; this would be much easier in print than in oral description. The object aimed at was, firstly, to get actual tracings from life of the two paths in correlation, and not merely of some particular point, and secondly, to reproduce the movement in the models, and thirdly, to show that the centre of rotation, which was supposed to exist somewhere below and behind the condyle, did not exist as a single point but as a curved path. With regard to articulators, there were two points which were very often confused. An ideal articulator was one which would reproduce the movements of the jaw of any particular individual, and he did not think there would be any great difficulty in constructing an ideal reproduction for the one particular patient. But the ideal articulator required was some piece of mechanism which might be very -readily adapted from one person to another, an apparatus reproducing movements in different individuals. That seemed a fairly large order, and he thought it would be a long time before it was done, although he thought it might be done in time. That, however, was quite distinct from the question of placing the models on the articulator in the same relative position to the articulator, or to the line joining the condyles, as obtained in the mouth. That having been done, the height of the bite had to be fixed, and he believed the question of the height of the bite was capable of having very much more light thrown upon it than it had at present. At present, as Mr. Lloyd-Williams said, the height had to be gauged more or less by imagination. It was on that particular point that he hoped to say something at a later date. With regard to apparatus, it was not necessary to have a large lens. On first writing the paper he thought a fairly large biconvex lens was a point of some importance, but his brother had shown him that a small lens would do quite as well. He thought the point raised by Dr. Sim Wallace was very likely true. In an edentulous patient there were two new conditions: no teeth and slackened ligaments around the joint. A patient might be able to close his mouth further than the original position of normal occlusion, and if in normal occlusion the condyle was as far back as it would go, it followed that the movement beyond that would be a movement of pure rotation around the condyle, unless the slackening of the ligaments allowed the condyle to move backwards, when there would also be a translational movement. The movement of the condyle in old people was freer than in young people. He hoped at some future time to deal with the question from the more practical dental aspect.
